Background: Arthroscopic surgery of the shoulder joint has become increasingly more common given its advantages over open surgery; however, one rare but potentially life-threatening complication is fluid extravasation into the surrounding tissues, causing edema, respiratory compromise, abnormal results on laboratory blood tests, and possibly death. Currently, no systematic review exists that summarizes the existing clinical research on this topic.
subsequent reports of edema of the chest, neck, face, and upper airway and respiratory compromise. 9, 14, 15, 31 Moreover, systemic absorption of large amounts of fluid can produce laboratory abnormalities of electrolyte and complete blood count panels and lead to dysfunction of remote organs, including the central nervous system, 18 and possibly even death. Currently, there has been no systematic review of the literature assessing the complication of fluid extravasation in the context of shoulder arthroscopic surgery.
The purpose of this systematic review was to investigate fluid extravasation as a complication of shoulder arthroscopic surgery; specifically, this review study assessed the characterization of the clinical presentation, identification of risk factors, delineation of the management approach, and analysis of patient outcomes after this complication.
METHODS

Search Strategy
The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement was used for the reporting of study selection, as used in prior reviews. 21, 28 The online databases PubMed, Embase, and Ovid (MEDLINE) were utilized to search for literature addressing the complication of fluid extravasation in the setting of shoulder arthroscopic surgery from the time of database inception until July 1, 2017. The search terms "shoulder," "arthroscopy," "fluid," and "extravasation" were used (Appendix Table A1 ).
Study Screening
Two reviewers (M.M. and J.K.) independently screened the titles, abstracts, and full-text articles. Any disagreements were discussed between the reviewers and the senior author (O.R.A.) to determine study inclusion when necessary. The references of the eligible included studies were then screened to include any additional articles that may not have been captured by the initial search. The search strategy is outlined in Appendix Table A1 .
Assessment of Study Eligibility
The research questions and inclusion and exclusion criteria were determined a priori. The inclusion criteria were Englishlanguage studies, human studies, and studies investigating fluid extravasation as a complication of shoulder arthroscopic surgery. Studies of all levels of evidence that reported on clinical presentation, management, and/or outcomes involving fluid extravasation as a complication of shoulder arthroscopic surgery were included. The exclusion criteria included cadaveric studies, conference papers, book chapters, review articles, and technical reports with no outcome data.
Data Abstraction
The 2 reviewers collected data in duplicate and recorded them in an Excel spreadsheet (version 2007; Microsoft) . Data regarding year of publication, author(s), study design, sample size, percentage of female patients, age, follow-up, arthroscopic procedure, indications for surgery, operative side, patient positioning, type of anesthesia, operative time, irrigation fluid type and volume, irrigation device, clinical presentation, management, and outcomes were abstracted from all included studies.
Quality Assessment
The 2 reviewers independently assessed the level of evidence (levels 1-4) of the included studies using the American Academy of Orthopaedic Surgeons classification system. 41 The Methodological Index for Non-Randomized Studies (MIN-ORS) tool was used as well to assess the methodological quality of the included studies. 37 The MINORS tool grades comparative studies with a maximum score of 24 and noncomparative studies with a maximum score of 16. The senior author was consulted for any discrepancy between the reviewers. All eligible studies were included in this review regardless of level of evidence and study quality.
Assessment of Agreement
Interreviewer agreement for the titles, abstracts, and fulltext articles was calculated using the kappa statistic. Intraclass correlation coefficients (ICCs) were calculated for the quality assessment using the MINORS criteria. Agreement was categorized a priori as follows: k or ICC of 0.61 was considered substantial agreement, k or ICC of 0.21 to 0.60 was moderate agreement, and k or ICC of 0.20 was slight agreement. 23 
Statistical Analysis
Descriptive statistics calculated from the data included means, proportions, SDs, and ranges. Because of the limited reporting, these data were not combined in a metaanalysis and are summarized descriptively. All statistics were calculated using Minitab statistical software (version 17; Minitab).
RESULTS
Search Strategy
The initial search of the 3 databases resulted in 6390 total studies. A total of 2619 studies were immediately removed as duplicates, resulting in 3771 studies for title screening. A systematic screening approach removed articles failing to meet inclusion criteria and resulted in 26 available full-text articles for review ( Figure 1 ). There was substantial agreement between reviewers at the title (k ¼ 0.852; 95% CI, 0.809-0.895), abstract (k ¼ 0.889; 95% CI, 0.864-0.914), and full-text (k ¼ 1.000) screening stages.
Study Quality
In total, 20 retrospective case reports (n < 5 patients), 4 prospective case series (n > 5 patients), and 2 prospective 
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Fluid Extravasation in Shoulder Arthroscopic Surgery 3 comparative studies were identified, corresponding to levels of evidence of 4, 4, and 2, respectively. For noncomparative studies, the median MINORS score was 9 of 16 (range, 7-12), whereas the median MINORS score for comparative studies was 14.5 of 24 (range, 14-15). Overall, 100% of studies had a clearly stated aim, 92.3% had appropriate endpoints, 7.6% had an appropriate follow-up period, and 100% had loss of follow-up of less than 5%. However, only 23.1% of studies had a prospective collection of data, and no studies had an unbiased assessment of study endpoints. The overall interrater agreement for the MINORS score was high, with an ICC of 0.831 (95% CI, 0.811-0.851).
Patient Demographics
In total, 205 patients (205 shoulders) underwent shoulder arthroscopic surgery and experienced fluid extravasation as a complication related to their arthroscopic procedure. The mean patient age was 50.8 years (range, 15-83 years), and there were 84 (41%) female patients ( Table 1 ). The site of arthroscopic surgery and indication for shoulder arthroscopic surgery are summarized in Table 2 . Only 1 study, 11 a case report, identified a particular anatomic abnormality, which was described as abnormal communication between the superior glenoid extending medially to the infraspinous fossa along the teres minor.
Operative Details
Of the 205 included patients, 134 were draped in the lateral decubitus position and 63 in the beach-chair position; the positioning for the remaining 8 patients was not reported. Of the 26 included studies, 18 reported the use of an irrigation pump to maintain visualization during the procedure, while the remaining studies either utilized gravity or did not specify a mechanism. The pump pressure reported by these 18 studies ranged from 29 to 150 mm Hg. The irrigation fluid used during the arthroscopic procedures was normal saline in 13 studies, Ringer's lactate in 5 studies, sterile water in 1 study, glycine in 1 study, and unspecified in 6 studies. Further, of the 26 included studies, 15 reported the total irrigation volume, The Orthopaedic Journal of Sports Medicine Fluid Extravasation in Shoulder Arthroscopic Surgery 5 which ranged from 1 to 76 L. Additionally, 25 studies reported the total operative time, which ranged from 2 to 390 minutes. Operative details are summarized in Table 2 .
Clinical Presentation
According to reports of when the signs and symptoms of fluid extravasation first appeared, they were observed midsurgery in 98 patients; after the removal of drapes in 98 patients; after extubation in 5 patients, after which 4 of these patients were reintubated; and 1 day to 3 weeks postoperatively in the remaining 4 patients. The signs and symptoms of fluid extravasation included chest wall swelling in 86 patients, neck swelling in 116 patients, facial swelling in 13 patients, and respiratory distress in 16 patients. Additionally, in 6 patients, the symptoms manifested as chest discomfort; in 4 patients, the symptoms included sore throat; in 4 patients, the symptoms included anterior interosseous nerve palsy; and in 16 patients, the symptoms presented as respiratory distress. The oxygen saturation reported for patients who experienced respiratory distress ranged from 50% to 95%, whereas the oxygen saturation reported for patients who did not experience respiratory distress ranged from 92% to 95%. A pleural effusion was diagnosed in 1 patient, and another patient displayed tracheal deviation as a result of fluid extravasation. Additionally, bradycardia was reported in 2 patients, with both having a heart rate of 38 bpm. Two studies, including 68 patients, found a significant increase in patients' neck circumference postoperatively by 1.17 to 2.35 cm. 8, 15 Two studies, including 71 patients, also found an increase in patients' weight postoperatively, ranging from 0.9 to 1.17 kg, and they found that both the duration of surgery and the volume of irrigation fluid used significantly correlated with the amount of postoperative weight gain. 15, 38 Furthermore, these same 2 studies found significant decreases in patients' hemoglobin and hematocrit levels postoperatively by 0.6 g/dL and 1.5%, respectively; however, there was no significant change in serum sodium levels. 15, 38 Finally, 2 studies identified significant increases in intramuscular pressure of the shoulder musculature (eg, deltoid, supraspinatus), ranging from increases of 8.63 mm Hg to over 15 mm Hg after arthroscopic surgery. 7, 39 Clinical presentation details for the studies reviewed are summarized in Table 3 .
Management and Outcomes
Of the 205 included patients, symptom management was reported for 58 patients. Of these 58 patients, 5 who initially received regional anesthesia were converted to general anesthesia and intubated at the onset of their symptoms. A further 6 patients were reintubated after developing symptoms after extubation. Moreover, 10 patients who were already intubated before the start of the procedure remained intubated postoperatively. The use of nasal prongs was reported for 1 patient, and the data were not routinely measured or reported throughout the other included studies. In total, diuretics were administered to 7 patients to reduce fluid overload, with intravenous furosemide 20 to 40 mg being specified in 6 patients. One patient was given prednisone to reduce airway edema. One patient experienced stridor secondary to fluid accumulation within the soft tissue of the neck, with evidence of internal jugular vein and carotid artery compression, requiring puncture of the soft tissue at the thoracic level with a 14-gauge intravenous catheter. Overall, 32 patients were managed nonoperatively and did not require intubation or medication administration. The time that elapsed until the resolution of edema was reported in 15 patients, which ranged from 2 to 48 hours.
One patient developed rhabdomyolysis, requiring 4 sessions of hemodialysis. Transfer to the intensive care unit was warranted for 14 patients. Additionally, 1 study reported a case of fluid extravasation, resulting in hypervolemic hyponatremia with a sodium level of 116 mmol/L and hematocrit level of 31%. 18 Hypertonic saline was administered to the patient, and computed tomography demonstrated severe cerebral edema. The patient received a diagnosis of brain death, as confirmed by cerebral angiography. No long-term complications were reported in the remaining patients. Discharge times were reported for 25 patients, ranging from 1 to 20 days postoperatively. Management and outcome details are summarized in Table 4 .
DISCUSSION
The most significant finding of this systematic review was that although fluid extravasation has the potential to be a life-threatening complication of shoulder arthroscopic surgery, it was most commonly managed nonoperatively, and patients' symptoms ultimately resolved with no evidence of long-term complications. Additionally, patients most commonly experienced neck swelling, chest wall swelling, and, less frequently, respiratory distress. When not managed conservatively, patients were intubated, given diuretics or steroids, or underwent percutaneous drainage of gross neck edema. Clinical edema typically resolved within 24 hours, and patients were often discharged within 1 week. Serious complications, including rhabdomyolysis and death, were rare. Several reports have previously described common factors that may aid in prognosticating a patient's risk for experiencing fluid extravasation during an arthroscopic procedure of the shoulder. These include a high pump pressure; a large volume of irrigation fluids; a lengthy operative procedure due to the larger amount of irrigation fluids used; the lateral decubitus position due to gravityassisted movement of fluid from the shoulder to the neck, although its superiority over the beach-chair position has yet to be proven 17, 34 ; obesity; older age and looser subcutaneous soft tissue facilitating fluid movement into the extraarticular space; subacromial arthroscopic surgery due to the lack of encapsulation of the subacromial space, allowing fluid dissection into surrounding tissue 27, 42 ; surgery involving resection of the glenohumeral capsule, allowing fluid movement into the extracapsular space 17 ; limited surgeon experience leading to the overuse of irrigation fluid pumps to improve the visual field; and anatomic abnormalities leading to pathological tears in the parascapular musculature or iatrogenic lesions of the deltoid muscle at the acromion. 4, 11, 25 Specifically, pump pressures should be maintained below 150 mm Hg. Additionally, normal saline is the irrigation solution of choice, as acid-base and electrolyte disturbances may occur when excess amounts of solution other than normal saline (eg, Ringer's lactate) enter the systemic circulation. While there is no established upper limit regarding the amount of irrigation fluid to be used during shoulder arthroscopic surgery, studies of symptomatic patients reported a range of volumes from 20 to 36 L, and as such, volumes lower than 20 L may be considered safe until more precise estimates are determined.
12-14 Surgeons may limit the use of irrigation fluid and improve intraoperative visualization by considering the use of electrocautery devices, epinephrine-infused irrigation fluid, and hypotensive anesthesia at the discretion of the anesthesiologist. 19, 29 Additionally, the authors of one of the included studies suggested that the maximum operative time should be limited to between 90 and 120 minutes based on data trends demonstrating a correlation between length of surgery and fluid extravasation. 22 Further, the use of irrigation pump devices may be eliminated entirely and replaced by gravity-driven irrigation systems to limit irrigation fluid pressures. 22 Operative techniques that may reduce the inadvertent spread of irrigation fluid to the extraarticular space include the use of longer cannulas to prevent dislodging, avoiding the use of cannulas entirely and using the arthroscope itself for inflow, 25, 26 minimizing capsular rents, and allowing low continuous outflow so that fluid can exit the subacromial space. 14, 26 Finally, while it is believed that the lateral decubitus position increases the risk for fluid extravasation, the beach-chair position carries its own risks, of particular concern for anesthesiologists, including the risk of air embolism, hypotension, bradycardia, and central nervous system ischemia. 24, 32 Anesthesiologists may play a role in preventing fluid extravasation based on their choice of using regional versus general anesthesia. In the setting of fluid extravasation, the benefits of using regional anesthesia alone include not only fewer side effects, a reduced hospital stay, reduced postoperative analgesia requirements, and excellent muscle relaxation but also the ability of the patient to communicate symptoms that he or she may be experiencing, such as throat discomfort, dysphagia, or respiratory difficulties. 3, 5, 10 However, in the event of fluid extravasation, the airway is not initially secured, and subsequent intubation may be difficult because of fluid accumulation in the neck. On the other hand, the initial use of general anesthesia and endotracheal intubation ensures a secure airway, and the use of hypotensive anesthetic agents aid in minimizing the use of irrigation fluid intraoperatively.
14 However, it still remains vitally important to carefully examine the patient before extubation for signs of fluid extravasation, and if present, one must consider continued intubation and monitoring in a controlled setting postoperatively until the resolution of edema. 26 Intraoperative monitoring of the signs and symptoms of fluid extravasation is central to prompt diagnosis and management, with several recommendations highlighted within the studies included in this review. Specifically, one common issue reported in the literature involved the difficulty of observing impending complications from fluid extravasation while the patient was covered by surgical drapes. This requires continuous monitoring for the swelling of structures near the shoulder, including the neck, face, and chest, 1 as well as appropriate placement of surgical drapes to expose the shoulder, structures at the base of the neck, 11 and a portion of the nearby chest wall. 25 Studies have suggested monitoring for fluid extravasation by checking airway pressures and compliances, looking for airway edema on direct laryngoscopy, intraoperative measurements of patients' neck circumferences, and observation of fluid extravasation via ultrasound imaging. 14, 26 Ultimately, patient outcomes may be optimized with efficient communication between anesthesiologists and surgeons as well as preparedness for emergency procedures such as intubation. 31 
Future Research
While the current literature improves the orthopaedic community's understanding of fluid extravasation as a complication of shoulder arthroscopic surgery, future research should aim to quantify the degree to which the identified risk factors correlate with this complication. Presently, the literature is mixed, with one study suggesting that some previously identified risk factors, such as fluid volume and procedure duration, do not correlate with rises in intramuscular pressures of the deltoid and supraspinatus muscles. 22 As such, large-scale studies and registries are needed to identify the patients most at risk for this complication to implement preventative measures. Additionally, considering that fluid extravasation from shoulder arthroscopic surgery directly poses a risk to airway structures, further research is required to determine the optimal management of the patient from an anesthesiological perspective, including the decision to use general anesthesia or regional anesthesia alone. Future studies should also evaluate anatomic variants that predispose a patient to fluid extravasation as well as long-term sequelae of this complication.
Limitations
The primary limitation of this review on fluid extravasation in shoulder arthroscopy pertains to the low overall level of the current evidence that was available in the literature. Most commonly, the included studies were retrospective case reports, yielding a small overall sample size. Additionally, the reviewed literature was limited to the English language. Furthermore, there was a lack of consistency in the reporting of relevant data, including patient characteristics, operative details, clinical presentation, management strategies, and patient outcomes. Given the heterogeneity of the data, it was not possible to perform a meta-analysis and calculate event rates because of inherent data limits. Moreover, this review may be prone to publication bias, in that the most interesting case reports were available for review, while unpublished, milder cases with uneventful postcomplication courses were not able to be captured.
CONCLUSION
Fluid extravasation has the potential to be a lifethreatening complication of shoulder arthroscopic surgery; however, it is most commonly managed conservatively, and patients' symptoms ultimately resolve with no evidence of long-term complications in most cases. Intraoperative surgical decisions, such as minimizing the duration of surgery and volume of irrigation fluid used, may limit the occurrence of fluid extravasation, while careful intraoperative monitoring may facilitate prompt diagnosis and management to optimize patient outcomes. 
